Global Registry of Acute Coronary Events (GRACE) risk score and red blood cell distribution width (RDW) content can both independently predict major adverse cardiac events (MACEs) in patients with acute coronary syndrome (ACS). We investigated the combined predictive value of RDW and GRACE risk score for cardiovascular events in patients with ACS undergoing percutaneous coronary intervention (PCI) for the first time. We enrolled 480 ACS patients. During a median follow-up time of 37.2 months, 70 (14.58%) patients experienced MACEs. Patients were divided into tertiles according to the baseline RDW content (11.30-12.90, 13.00-13.50, 13.60-16.40). GRACE score was positively correlated with RDW content. Multivariate Cox analysis showed that both GRACE score and RDW content were independent predictors of MACEs (hazard ratio 1.039; 95% confidence interval [CI] 1.024-1.055; p < 0.001; 1.699; 1.294-2.232; p < 0.001; respectively). Furthermore, Kaplan-Meier analysis demonstrated that the risk of MACEs increased with increasing RDW content (p < 0.001). For GRACE score alone, the area under the receiver operating characteristic (ROC) curve for MACEs was 0.749 (95% CI: 0.707-0.787). The area under the ROC curve for MACEs increased to 0.805 (0.766-0.839, p = 0.034) after adding RDW content. The incremental predictive value of combining RDW content and GRACE risk score was significantly improved, also shown by the net reclassification improvement (NRI = 0.352, p < 0.001) and integrated discrimination improvement (IDI = 0.023, p = 0.002). Combining the predictive value of RDW and GRACE risk score yielded a more accurate predictive value for long-term cardiovascular events in ACS patients who underwent PCI as compared to each measure alone.
Introduction
Accurate risk stratification of patients with acute coronary syndrome (ACS) is important to efficiently target the use of evidence-based therapies and to identify high-risk patients who may benefit from advanced treatments. A multicenter registry recognized that the Global Registry of Acute Coronary Events (GRACE) risk score is a validated and established measure for stratifying patients with ACS according to risk and to guide treatment management decisions [1] [2] [3] . The clinical and laboratorial variables used by this risk scoring system include heart rate, systolic blood pressure, serum creatinine, and troponin. However, this system reflects only certain pathophysiological dimensions related to outcomes in ACS; biomarkers that addressed separate aspects of ACS pathophysiology could provide additional information. As reported in recent research, combining biochemical indices with the GRACE risk scoring system is better able to predict future cardiovascular events in patients with ACS as compared to the use of either measure alone [4] [5] [6] [7] .
Recently, considerably large clinical datasets have found that increased red blood cell distribution width (RDW) was a strong independent predictor of cardiovascular events in patients with heart diseases including ACS [8] [9] [10] [11] [12] . RDW represents the coefficient of variation in red blood cell volume distribution width. A variety of mechanisms, including inflammatory stress, neurohormonal pathways and adrenergic activation, nutritional deficiencies, and/or disordered iron homeostasis have been proposed to affect RDW [13] [14] [15] [16] ; however, these mechanisms were not considered in the GRACE risk scoring system. The combined value of RDW and GRACE score for predicting prognosis in ACS patients undergoing percutaneous coronary intervention (PCI) had never been assessed. Therefore, we studied the significance of adding the RDW to the GRACE score for use as a combined predictor.
In the present study, we investigated the individual value of RDW content and GRACE score for predicting major adverse cardiac events (MACEs) in patients with ACS undergoing PCI. We also studied the incremental prognostic value of combining RDW content with the GRACE score.
Methods

Study Cohort
We performed an observational study of consecutive patients with ACS who underwent PCI with stenting for the first time in the Shaanxi Province People's Hospital and the First Affiliated Hospital of Xi'an Jiaotong University from December 2010 to January 2012. We included patients diagnosed with any of the ACS spectrum disorders, including unstable angina, non-ST-segment elevation myocardial infarction (NSTEMI), and ST-segment elevation MI (STEMI). Exclusion criteria were as follows: moderate to severe anemia (hemoglobin<90g/l) [17], history of PCI or coronary artery bypass graft (CABG), no stent implantation, bare metal stent (BMS) implantation, valvular heart disease, idiopathic dilated or hypertrophic cardiomyopathy, advanced liver disease, renal failure, cancer, stroke, peripheral arterial disease, pregnancy, use of anti-inflammatory drugs, acute or chronic infections or autoimmune disease, and malignant blood disease or thyroid disease.
The study complied with the Declaration of Helsinki and was approved by the ethics committee of the 2 hospitals mentioned above. Written consent was obtained from all patients.
Blood samples and echocardiography
Peripheral blood was sampled from patients in a fasting state on the morning following the admission day. Venous plasma concentrations of glucose, lipids, lipoproteins, serum creatinine, HbA1c, N-terminal pro-B-type natriuretic peptide (NT-proBNP), white blood cells, platelets, and RDW content were determined in the clinical laboratory department using standard biochemical techniques. Echocardiographic data (left ventricular ejection fraction [LVEF]) was measured using Doppler echocardiography performed within 3 days of admission.
Calculation of GRACE risk score
The GRACE risk scoring system has been previously described [2] . The score is derived from several variables (age, heart rate, systolic blood pressure, creatinine level, congestive heart failure, in-hospital percutaneous coronary intervention, in-hospital coronary aortic bypass grafting, history of myocardial infarction, ST-segment depression, and elevated cardiac enzyme/ marker levels) and calculated for each patient. The GRACE risk score was originally designed to predict mortality 6 months after discharge, and it has been shown to have good predictive value for mortality up to 4 years after an ischemic event [1] [2] 18 ].
Outcomes and follow-up
MACEs were defined as all-cause death or nonfatal myocardial infarction. The non-fatal myocardial infarction was defined as an at least 2 times of elevation of the creatine kinase-myocardial band (CK-MB) compared to the normal upper limit or a Q-wave myocardial infarction [19] . All patients were followed up by the 2 hospitals with face-to-face interviews or telephone contact. The follow-up end point was defined as the date of first MACE occurrence, obtained via reviewing hospital records. Some patients were followed up until December 2014.
Statistical analysis
Data were collected using IBM SPSS statistical software version 20.0 for Windows (SPSS Inc., Chicago, IL). Continuous variables were expressed as the mean and standard deviation. Categorical variables were expressed as frequencies and percentages. The Kolmogorov-Smirnov test was used to assess the normal distribution of quantitative variables. The independent samples t-test was performed to compare parametric values between the MACE group and the non-MACE group, whereas categorical variables were compared using the Chi-square test. One-way ANOVA was performed to compare the parametric values among multiple groups. Univariate and multivariate survival analyses were performed using Cox regression. To further assess the prognostic value of RDW, Kaplan-Meier survival curves were used in the 3 groups divided according to the RDW level. The predictive values of RDW and a combination of RDW and GRACE risk score were estimated by comparing the areas under the receiver operating characteristic (ROC) curve. DeLong's test was used to compare the AUC from each of models [20] , which were analyzed by use of MedCalc Version 11.4.2.0. Additionally, the increased discriminative value after the addition of RDW to the GRACE was also estimated using 2 measures (the net reclassification improvement [NRI] , and integrated discrimination improvement [IDI] ). The IDI was equal to the increase in discrimination slope defined as the mean difference in predicted risks between those with and without events. The continuous NRI was a nonparametric analogue of the IDI and equals twice the difference in probabilities of upward reclassification for events minus for non-events [21] [22] . Statistical analysis was performed using IBM SPSS Statistics 20.0 for windows (SPSS Inc., Chicago, IL), and R (version i386 3.2.1 for Windows). All probability values were 2-tailed. A p value of <0.05 was considered statistically significant.
Results
Baseline characteristics of patients
The 480 patients included in this study were divided into 3 groups (tertiles) according to the baseline RDW content (tertile 1: 11.30-12.90; tertile 2: 13.00-13.50; tertile 3: 13.60-16.40). Patient demographics and other clinical characteristics are shown in Table 1 . Intergroup comparisons revealed that GRACE scores increased along with higher RDW levels (p < 0.001).
The systolic blood pressure (SBP) and HbA1c levels were lower in tertile 3 than in tertiles 1 and 2 (p = 0.02 and p = 0.009, respectively). The N-terminal pro-B-type natriuretic peptide (NT-proBNP) and creatinine levels of patients in tertiles 1 and 2 were significantly lower (p = 0.003 and p = 0.001, respectively) than they were in patients in tertile 3. Hemoglobin (HGB) levels and mean corpuscular hemoglobin concentration (MCHC) were lower in the presence of a higher RDW (p = 0.029 and p = 0.009, respectively). Low-density lipoprotein cholesterol (LDL) in tertile 1 was higher than that in tertiles 2 and 3 (p = 0.043). No difference was observed among the 3 groups in other baseline characteristics.
Comparison of clinical characteristics between patients with and without MACEs
During a median follow-up time of a 37.2 months (interquartile range, 37.0-42.2 months), 15 of the 495 subjects (3.0%) were lost to follow-up. Data from the 480 remaining patients were analyzed. Of these, 70 (14.58%) had a MACE, including 51 all-cause deaths and 19 acute myocardial infarctions. The baseline characteristics of patients with or without MACEs are outlined in Table 2 . Compared with the patients without MACEs, those who experienced MACEs had lower MCHC levels; and had higher fasting blood glucose (FBG), HbA1c, and NT-ProBNP levels. In addition, LVEF was significantly related to MACE occurrence (p = 0.020). Moreover, both GRACE risk scores and RDW levels were higher in patients who experienced MACEs (p < 0.001 for both comparisons).
Correlation of GRACE risk score with RDW
The correlations between GRACE risk score and RDW were analyzed using Spearman's rank correlation. The results showed that GRACE risk score was significantly and positively correlated with RDW (R = 0.259, p < 0.001).
RDW as an independent predictor of MACE
After performing univariate Cox analysis, significant predictors MACE were hyperlipidemia, higher levels of FBG, HbA1c, NT-ProBNP, GRACE risk score, and RDW, and lower levels of MCHC, and LVEF (Table 3) . Table 4 presents the results of multivariate Cox analysis, which demonstrated that RDW was a significant and independent predictor of MACEs (HR: 1.699; 95% CI: 1.294-2.232; p < 0.001). In addition, GRACE risk score (HR: 1.039; 95% CI: 1.024-1.055; p < 0.001) and FBG (HR: 1.076; 95% CI: 1.018-1.138; p = 0.010) were identified as significant predictors of MACEs. Kaplan-Meier analysis indicated the estimated cumulative incidence of MACEs, as seen in Fig 1. The possibility of experiencing a MACE increased along with an increase in RDW. A log-rank test of the curves for the 3 patient groups identified significant intergroup differences (p < 0.001). Effect of combining RDW and GRACE score in the prediction of MACE occurrence
Because both RDW and GRACE score were independent risk factors for MACEs, we assessed their combined value for predicting the long-term risk of MACE. For GRACE score alone, the area under the curve (AUC) was 0.749 (95% CI: 0.707-0.787). When RDW was added to GRACE score, the AUC was 0.805 (95% CI: 0.766-0.839, p = 0.034) (Fig 2) . In addition, reclassification of patients with or without MACEs at the time of follow-up is presented in Table 5 . The addition of RDW to GRACE score significantly improved the reclassification (0.352, p < 0.001) and the integrated discrimination (0.023, p = 0.002) of subjects compared to GRACE score system (Table 5 ). These results revealed that the predictive value of adding RDW to the GRACE score was superior to the predictive value of the GRACE score alone in predicting MACEs.
Discussion
The prognostic value of GRACE risk score for making treatment decisions has been clearly demonstrated in patients with ACS. Current guidelines recommend using the GRACE score for risk stratification in these patients [23, 24] . Our research showed that GRACE risk score can independently predict MACEs in ACS patients who underwent PCI. However, in accordance with the results of previous research, the present study found that the ability of this scoring system to discriminate among target groups still needs to be improved [3, 25, 26] . The scoring system might be limited partly because certain disease parameters, such as inflammation, oxidative stress, and nutritional deficiencies, are not fully captured by the system's variables. As mentioned earlier, RDW has been proposed as a potential additional variable to this system. Indeed, both our study and a previous study demonstrated a significant correlation between RDW and the GRACE risk score [27] , indicating that adding RDW to the GRACE score could enhance the predictive value of each measure in patients with ACS who underwent PCI. Emerging evidence supports that the RDW in ACS patients (with or without a history of PCI) as an independent risk factor for future cardiovascular events [28, 29] . The present results demonstrated that several cardiovascular risk factors and biochemical risk markers are positively correlated with RDW. In addition, oxidative stress, and/or nutritional deficiencies, shift work [30] was also found to be related to RDW. Thus, these underlying associations of RDW with the markers of cardiovascular disease burden could explain the prognostic value of RDW. Our study found that increasing levels of RDW were associated with an increased risk of Data are expressed as mean ± SD or n (%). GRACE, Global Registry of Acute Coronary Events, RDW, red blood cell distribution width.
doi:10.1371/journal.pone.0140532.t002 MACE and verified that RDW could independently predict long-term MACEs in ACS patients who underwent PCI. Moreover, these results confirmed that RDW added discriminatory predictive value to the GRACE score. This added value was shown by the significant increase in AUC from 0.749 to 0.805 for the combined endpoint of death or nonfatal myocardial infarction in ACS patients who underwent PCI. In addition, discrimination of GRACE score adjustment by RDW variable was also powerfully certified by new statistical metrics (continuous NRI and IDI). We have found a net 14% of the patients without events were reclassified into lower risk and that a net 21% of patients with events were reclassified into higher risk. The continuous NRI thus reached an impressive 0.352, which suggested that the RDW content led to a significant net reclassification of patients , risk in the appropriate directions. We also have found an IDI for RDW showed further average separation of events from non-events by the RDW. These results showed that the predictive value was improved by adding RDW to the model with GRACE risk score. Currently, RDW is a widely included parameter in complete blood count analyses in most clinical laboratories. Thus, compared with other biomarkers of cardiovascular risk, RDW testing incurs no additional costs. Therefore, combining RDW with GRACE risk scoring could help evaluate long-term cardiovascular disease risk in patients with high-risk ACS who underwent PCI. Consequently, these predictive factors could improve patient outcomes and help in making treatment management decisions in clinical practice.
The present study showed that, in addition to the GRACE score, systolic blood pressure, NT-proBNP, creatinine, and LDL levels were also associated with RDW. These associations indicate that the underlying effects involving RDW on biochemical indices should be explored in subsequent research. Because HGB and MCHC are common factors affected by RDW, we found a negative correlation between RDW and HGB and MCHC levels, as described in previous reports [9, 31] .
Our study also found that FBG level was an independent predictor of MACE, regardless of diabetes status. This finding was consistent with those of previous publications [32, 33] , most of which revealed that FBG levels can predict in-hospital and short-term prognoses in ACS patients [34, 35] . The exact relationship between FBG and cumulative MACE occurrence rate will need to be assessed in future research.
The current study has several limitations. The patient population only included Chinese individuals, and the number of patients was relatively small. Furthermore, the RDW values were not tested at the same laboratory. Additionally, the population was limited by ACS patients underwent PCI for the first time, this does not reflect the distribution in all ACS patients. Additional observations in larger-scale population will be needed to further elucidate the prognostic value of combining RDW with the GRACE risk scoring system.
Conclusion
The present study showed that both the GRACE scoring system and RDW testing have an individual predictive value for cardiovascular events in ACS patients who underwent initial PCI. Moreover, these measures are independently and positively related to each other. Combining the 2 approaches resulted in higher predictive value for long-term cardiovascular events in ACS patients who underwent PCI.
